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CnOCOB MjETAJIJIOTEPMMqECKOrO nonyiEKHJI 
nOPOUJKOB TVrOnAABKMX METAJIJIOB . 



HaotSpereuHe othocutcx k npoHSBoacTBy do- 
poinuoB TyronviaBKiix meraJWOB .MeTa-LiprepMH- 

neCKUM BOCCTaHOBiieHHCU. 

HaBecTCH cnocofi MeT8,i.ioTepMit<tecKcro no- 
•lyieiiua nopoiUKoa TyironflaBKiix wera-vioB, »a« 

U.1iO>(aiQU{HliCfl B TOM, <tTO SOCCTaKOB.ieiSMe X.10- 

pHAa, HanpHMep TMr«Ha, ocyuecmiBiOT iteTa^A- 
j»o«-BoccTanoBiiTMeM. HanpiiMep uarnneM, npn- 
qeM npouecc bbavt npu HenpepuBHOft uRpityjiH- 
UMU WMaKocTK BOccraHOBMTeJR B o6pa3yx>iae^ 
rocR xaofitna, no.iy<ieHHyio cycneHSKio noponiKa 
B Met«,i,ie-BoccT«HOSHTMe yxtJiftioT HS peaK- 
Tppa. 

np«a.->araeMZ>tii cnocoS orinqaeTcn or Ma- 
BecTNoro TeM, vro, c ue.ibio noaumeiiHS oaho- 
poAHOCTM nopotuKB H npeffOTBpaiueHNK ocbjkab- 
HRn MacTMU Ma creHKax peatnopa. ocyiaecTBJix* 
• KIT HanptAaeHHyn laipityaaiuno Nera;iAa-Boc- 

CT«H08RTe.1«. KOTOpfUa B BHAB CTpyH nOABlOT B 

pcBRaMOitNyio SONY HBBcrpeiiy napau xoopRAa. 
ti DpMieec B0ceTaBOB4eKB5i npOBOjMT na nosepx- 
MocTH cQpaavioiuitxcB K HaxoAXUHxcfl so Baae- 
BteuHOH COCTOBHKU <iacTRU-sapo;iiiiuiefi TyrooJiaB-^ 
Koro MBTajiJia ao ttx nop, noxa yxpyiiMeHiiMe 
iiaCTHtud nox sefiCTBHCM rpaBKTaaHonnux ciui 
He yxoaxr b otctoAkhk. oricyAa hx yaaaxnT m3- . 
no2 C.10B xiuKoro xnopHon MeTaA.i8-BodeTiHO' 

. Ha wepTtxe Bso6pa»BBa cxeMA yerAttoinni. 



na KOTopoft Moxcer GuTb ocyiuecTB.ieii npejJia' 
rasMUft cnocoG. 

CnocdQ ocymecTB^ifleTcn ciejyioiuuu oOpa- 
aoM. 

5 - TKmakhIi MCTs;ij]-BQccTaitoBHTe.ib, uanpiiMep 
MarBHfi, noaaWT ns KOT;ia-orcioftH!iKa / » pe- 
aKUHoiiHyio KBwepy 2. c. ngMoiuMo ueiiTpoSexc- 
iioro Hacoca 3. npuqeM Merajui noaaioT b peaK- 
UKOHHyio XBiiepy 2 b BtiAe nenpepuBHo iiHpKy- 
»0 jiHpy«itteft aepTHKa^ibiioa cTpya. HaBCTpe^y 
CTpye nocrynaiOT naptt x.iopiua TyronjiaBKoro 
' uerajiaa. uanpMKep veTMpexxjiopHcroro THiaHa. 

B peaxniiOHRoft aone nponcxoAHT oSpasoaa- 
IS tiHe qacTHa-aapOAumeft Tyrpiuiaaiforo utnajia 
.H aa.ibHefttaiift npoiiecc 80CCTaKOB.iieHH5i napo' 
o6pa3HO.-o XJiopRAB npOTexaeT r.iaaHbix o6pi%- 
aoM M« DoaepxHOCTH TBepAofl '^aau. Pocr 3i- 
poAuiueA nopetuKB npoiicxoAHT npeMMyuiecTBeH- 

MO BO BpeMB npO.TOXAeHMX HX HtftS peaKHKOit- 

Hyn KBMepy 2. 

06paaoBaBniMecR oacTHiUii b CTpye khakofo 
MersAAB HaxoA«tTcn bo BaaeuieiiHOM coctonrrii 
n iienptpHBiio inipKyjinpyipT, b iieft ao rex nop, 
" noxa He AOctHrnyr onpeAftnewHorb pasnepa. llo 
uepe yxpyniieiiHR ohh ocflxcAaiorca noA AeftcT- 
BReK rpaBXTaoHOHHUX aut b hhjkrioio nacTb 
xoTAa-oTCToftHHKa /. PaSMcp Hacrna nopotuxa 
onpeAexxBTCB cooTHomenHeM cxopocTH hx oca- 

n JKAeKHB K CXOpOCTH SHpXyJIBUHH MeTa^Aa-soc- 



craHOBKTejin, h nosTOMy Moxer pery;iHpoBtTb- 
cij,«3MeHeiiHeM KparaocTH UHpKyflimHK. 

TaKHx ogpasOM, npeiMiaraeMaii TexnojiorHR 
ofiecneqHBAcT nojiyqcHne nopomicoB OAiiopojiHO- 
ro rpaMy;ibMeflrpH«iecKoro cocraBa, He coflepxa- . 
mero nHpo4»opHMX (}>paKUHft. 

- OcesmBft nopoiuoK ryronAaaxoro MeTa;i;ia, 
HanpRMep rKxaRa, cxannHsaeTcx b uiOKKeft ^a- 
CTH K0T.ia-OTCToftiiHKa / noj[ cioeu ^KHAXOrO 
;uopncTaro MeTaflJia-BoccraHOBHTe/ia, iianp«Mcp 

MtrHHit, OTtcyAa on BMrpyxcae-rcR c nOMOUibio 

oiHeKa 4: _ 

ripHMep. 2—2,5 lu iKHAKoro MarHHsi no- 

■ jtam B npftSBapHTeAbHO »anoAHeuHuft. aproHOX 
k HarpeTU* ao TeMneparypu 700*C kotm-ot- 
CTOftHHK /, sflTCM BKjjioiaiOT netiTpo6exHb!& iia* 

. coc 3 M peryflHpyiOT mhoio o6opOTOB raKHM o6-. 

paSOM, 4T06U (^OlITBHHpyCMiilft XCHjIXHif MarUHR 

He jiocTBrafl kpmuikh peaicuHOHiioft KaMepu 2. 
flaviee TetpaxJiopwj THTana noaam c xaKoii 
Cicopociiio, vTodu peaKUiiff BoccranoBJieHHti b 
ccKOBiiOM npoxcai<;ia s cpesHeA <(acTH peaKUH- 
oHHbft KaMepv 2. 0 no.-io<KeiiHH peaKauoHHofl 

■ 30IJU MO^KHo cyitHTb no noKftBBitJiUM TepMonap, 
pacno.ioH(ci(ni>ix ua paa^iiiviioii BucoTe peaKiw* 
OHHofi KaMepu 2. 

B 30ue npoxojKaeiiKR peaKUHH psasHBaerCB 
HiBH(Jo,iee BbicoKan TeMnepaT>'pa. 

Ho Mepe HaKonAeriiifl ruranoBoro nopoiuKa 
noA.ctoeM x/ioptiCToro warttHsi era BurpyiKBioT 
utNeKOit. 4 B npmMi[MK, a a KoreA-OTCTofttiKK / 
' iriDaaiOT uoBym nopuHto Maritnii. 

fi Ta6.iHue npiiBeAeii rpanyyiOMBTpimecKHA 
cocras paa.iHHnbi.\ oOpaauoo rnTanoBoro no- 



. poiiixa, nojiyqcHHoro no npeAnaraeHoHi rexHO- 
..«orBB. 
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Cnoco6 MerajiJiOTepMnHCCKorO' . j^KryMCHitB 
nopooiKOB ryronJiaBKMX MeTSJJiOB Bb£CTaiiOB;ie- 

20 IIHCM HX X.aOpHaOB UHpKy;iHpyi01UHM }KHAKHM 
MeTaAIOM-BOCCTaHOBHTeVieM, OTAUHOiqtHU&CX TBM, 

<iTo, c ucibn noBwiaeiiiiH oiHopoaHbcTH nopoux- 
ka H npeaoTBpameHMJi oca3K4eHH« wacTHU Ha 
creiiKax peBKropa, uHpKy.iffUHH noABepram ms- 

A Ta.<lA-8OCCTaU0BHTeAI>, KOTOpblH I BltAe cTpyii 

noAam a pesKuiiOHHyio aoriy HaBCTpeny napaM 
X;iopBAa, H npouecc B0CCTaHOB;ieH>ti> npoooAHt 
Ha noBepxMOCTH oflpasyiomHxcji h Haxoanmiixcii 
BO BaBemeHHOM coctouhhm HacTHU-sapoauiueft 
% TyronABBKoro mctbaab ao rex nop, noKa yx- 
pynHeHuue qacTMnw npA AeftcTsmM rpaBHranM- 

OHHUX CHJI lie yXOAKT B OTCTOftiintK, OTXySB RX 

yAa^niOT ita-noA cjtoii JKHAKoro x.aopRAa Mera/i- 
a-BOCcraMOBBTeAS. 
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METHOD FOR METALLOTHERMAL OBTAINING OF POWDERS OF DIFFICULTLY 
FUSIBLE METALS 

The invention relates to the production of powders of 

difficultly fusible metals by metal lothermal reduction. 

There is known a method of metal lothermal obtaining of 
powders of difficultly fusible metals, consisting in that the 
reduction of the chloride, for example of titanixim, is performed 
by a metal-reducing agent, for example magnesium, in which the 
process is conducted with continuous percolation of the liquid of 
a reducing agent forming the chloride; the suspension obtained of 
the powder in the metal reducing agent is removed from the 
reactor. 

The proposed method is distinguished from the known method 
in that, with the aim of improving the homogeneity of the power 
and of preventing the settling of particles on the walls of the 
reactor, there is brought about an aiming of the circulation of 
the metal-reducing agent, which in the form of a jet falls into 
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the reaction zone toward the chloride vapors, and the process of 
reduction is conducted on the surface of the seed particles of 
the difficultly fusible metal, forming and present in a suspended 
state, until the enlarged particles under the action of 
gravitational forces go into a settling tank, from where they are 
removed from under the layer of liguid chloride of the metal- 
reducing agent. 

In the drawing there is represented the schema (diagram) of 
the apparatus on which it is possible to execute the proposed 
method. 

This method is realized in the following manner: 

A liquid metal-reducing agent, for example magnesium, is fed 

from the settling tank 1 into the reaction chamber 2 with the aid 
of a centrifugal pump 3, in which process the metal is sent into 
the reaction chamber 2 in the form of a continuously circulating 
vertical jet. To meet the jet there enter chloride vapors of the 
difficultly fusible metal, for example titanium tetrachloride. 

The particles forming in the jet of liquid (molten) metal 
are present in a suspended state and circulate continuously in it 
until they achieved a determined dimension. As they are enlarged 
they settle under the action of gravitational forces in the lower 
part of the settling tank 1. The size of the powder particles is 
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determined by the relation of the speed of their settling to the 
speed of circulation of the metal-reducing agent, and for this 
reason can be regulated by alternation of the amount of 
circulation. 

Accordingly, the proposed technology provides for the 
obtaining of powders of homogeneous granulometric composition, 
not containing pryophoric fractions. 

The settling powder of the difficultly fusible metal, for 
example, titanium, accumulates in the lower part of the settling 
tank 1 under a layer of liquid chloride metal-reducing agent, for 
example magnesium, from where it is discharged with the aid of 
the worm 4. 

Example . 2-2.5 kg. of liquid magnesium are placed in a 
settling tank preliminarily filled with argon and heated to a 
temperature of 700°C. There is then engaged the centrifugal pump 
3 and the number of revolutions is regulated in such manner that 
the spouting liquid magnesiiun does not reach the roof of the 
reaction chamber 2. Furthermore, titanium tetrachloride falls 
with such speed that the reduction reaction proceeds essentially 
in the middle part of the reaction chamber 2. It is possible to 
judge the position of the reaction zone by the indication of 
thermocouples disposed at different height (s) of the reaction 
chamber 2. 
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The highest temperature is developed in the zone of passage 
of the reaction. 

As the titanivim chloride accumulates under the layer of 

magnesium chloride, it is discharged by the worfm 4 into a 
receiver, and a new portion of magnesium is placed in the 
settling tank 1. 

In the table there is presented the granulometric 
composition of different samples of titanium powder obtained by 
the proposed technology. 

Content of fraction, % 

Fraction 



No. + 0.4mm -04. + - 0.1 + - 0.15(?) mm 

+ 0,1 mm + 1.15 mm 

Cf. original figures are somewhat illegible 

1 16.6 72.2 11.0 0.2 

2 16.5 74.6 7.6 1.3 

3 16.5 68.1 13.4 2.0 

4 18.9 73.3 6.5 1.3 

5 21.3 70.7 5.1 2.9 



Object of Invention (Claim) 



Method for metal lothennal obtaining of powders of 
difficultly fusible metals by reduction of their chlorides by a 
circulating liquid reducing agent, characterized in that , with 
the aim of improving the homogeneity of the powder and preventing 
the settling of particles on the walls of the reactor, there is 
circulated a metal-reducing agent which, in the form of a jet, is 
sent into the reaction zone toward the chloride vapors, and the 
reduction process is conducted on surfaces that have formed and 
are present in a suspended state of the embryonic particles of 
the difficultly fusible metal until the enlarged particles under 
the action of gravitational forces pass into a settling tank, 
from which they are removed under a layer of liquid chloride of 
the metal-reducing agent. 



